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Identification of a Poultry Litter Specific Biomarker
and Development of a Quantitative Assay

1 INTRODUCTION

This reort docents the identification of a potential poultr littr specific biomaker, confiration of
the spficity of tht biomaer for poultr littr (as compared to other fecal mateal), and the

development of a quatitative polymerae cha reaction (qPeR) as specific to detection of the poultr
biomaer in varous environmenta media. Metods and results of the intial tests to identfy potential
poultr litter speific biomarers ar discussed in Secton 2. Testig of the sensitivity of the potential
biomaker towar fecally contanaed litter and soil samples, and the specificity of the potetial
biomakers againt other fecal samples and vanous envionmental media is presented in Section 3. The
development and validation of an assay to quatify the poultr litter specific biomaker in varous
environmenta media is discussed in Section 4.

2 IDENTIFICATION OF POTENTIAL POULTRY LITTER SPECIFIC
BIOMARKER

The method utilized to identify a potential poultr litter specific biomaker are discussed in this section.
Specifically, the methods and results of microbial communty profilig of poultr litter and soils to which
the litter had been applied by termnal restrction frgment lengt polymoiphism (T - RFLP) are discussed
in Section 2.1. eloning bacterial DNA from the litter and soil samples and sequencing of the plasmid
deoxyrbonucleic acid (DNA) contang the termal restrction frgments (T-RFs) of interest from these
clone libraes are presented in Section 2.2. Comparsons of potential biomarker DNA sequences, as
compared to published sequences, and development of polymer chai reaction (peR) prier specifc
to these potetial biomarkers are discussed in Secton 2.3.

2.1 Litter and Soil Community Profiling

2.1.1 Objective

The purose of the communty profilg thugh the use of T - RFLP was to generate micrbial commwiity

profies of all bacteria, Escherichia coli, and Bacteroides spp. presnt in the poultr litter and the soils
where poultr litter has been applied. The T-RFLP profies were then used to identify common
microorgansms present in both litter and soils on which poultr litter was spread.

2.1.2 Methods

DNA Extraction. DNA was extrcted from two poultr litter saples (five replicates each) and two
agrcutu soil saples (five replicates each) to which the poultr litter was applied. The poultr litter
saples from which DNA was extracte were FAC-OIA-l though 5 and FAe-OlB-l though 5, and the
soils samples were LA3-A-2-1 though 5 and LAL3-B-2-1 though 5. Genomic DNA was extrcted with
BiolOl DNA extrtion kits (QBiogene, Inc).

T -RFP Analysis. T -RFLP was used to genemte communty profiles tageting Bacteria spp., E. Coli,
and Bacteroides spp. The followig steps were used durg the T-RFLP anysis.

. The extrcted DNA was peR amplified with phosphoramdite fluorochrome 5-
carboxyfuorescein (F AM) labeled unversal bacterial primers 8F-907R, with E.coU genus
specific priers (Tsen, et al. i 998), and Bacteroides genus specific prier (Berar and
Field, 2000). All PCR primers tageted the i 6S rRNA gene.

Poultr LiNer Biomarker

NW-3517
North Wind, Inc.

October 2007

STOK. 029764

Case 4:05-cv-00329-GKF-PJC     Document 1656-10 Filed in USDC ND/OK on 03/25/2008     Page 7 of 29



. Th peR products were digested with the retrction enzmes Acü, HhaI, MspL and

Hael (New England Biolabs).

. eommon T-RFs for each peR primer pai (e.g., unversl bateria, E.coli or Bacteroides
spp.), among all 20 poultr litter and soil replicates, were tageted as potential biomaers
of poultr litter.

. T-RFLP analysis was pedormed by the Idaho State Universit, Molecul Research Core
Facility (MCF).

2.1.3 Results

Comion T -RFs obsrved in the soil and litter samles are presented in Table i. No Bacteroides spp.
frgments were identified as being prent in both the soil and litt samples. T-RFs that were well-

represented in al samles wer selected for fuer development.

hi fì d ") an lTa e i. Common T -RFs oun m reolicate soi ittr samDles.

E. coli PCR Droducts. dil!ested with Msol

T-iw Litter FAC-OIA Litter F AC-OIB Soil LAL3-A-2 Soil LAL3-B-2

496.0 1,i,4,5b.C 1,2,3,5 1,2,4 Present in all five

498.9 Present in all fived Present in all five 1,2,4,5 Present in all five

500.8 Present in all five Present in all five Present in all five Present in al five

Universal bacteria PCR Droducts. dIested with MSDI

Not present in any
80.1 U,3,4 Prsent in al five saple 1,3,4

Not present in any
130.9 1,3,4 Prsent in all five 3 samle

142.9 Present in al five 1,2,3,4 1,4 1

147.3 Prent in all five Prsent in al five Present in all five 1,4

158.9 g4 Prsent in al five 2,3,4,5 1,4

165 1,3,4 Prsent in all five 1,3,4,5 1,4

a: T -RFs ofpotenal biomakers ar indica in bold tyface.

b: Numbe indicates the litt or soil relicate sale tht the T -RF was idetified in.
c: An undelined number indicates that the T -RF resente ..1 % of comnnmity in th replicate.

d: Indicates tht ths T -RF was detected in all five subsamples within ths sale.
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2.2 Cloning and Sequencing of Organisms of Interest

2.2.1 Objective

The purose of the cloning and sequencing was to obtan DNA sequences correspondig to the T-RFs of
interest found in both poultr litter and soil upn which poultr litter was applied.

2.2.2 Methods

. Clone libraes were conscted frm the origil genomic DNA extrcte frm the soil

and litter samles and amplified with either unversal bacteal or the E. coli genus specific
prier. Four unvers clone librares were constrcted from the following pooled DNA

saples (ie., 1 ~ of genomic DNA ext from each samle was added to the peR

reaction for inclusion into the clones): FAe-01A-l and FAe-Oi A-4, FAe-OlB-3 and FAe-
OlB-4, LAL3-A-2-1 and LAL3-A-2-4, and LAL3-B-2-l alone. Four E. coli clone librares
were constrcted from the following samples: LAL3-A-2-l, FAe-OlB-4, FAe-OlA-4, and
LAL3-B-2-1. The Topo TA cloning kit (Invitrogen) was used for constrction of all clone
libraes. DNA samples selected for clonig wer from those subsamples in which the T-

RFs of interst represented a signficat portion of the fluorescence profIle.

. The pIamids were excised (QIAprep Spin Minprep Kit, QIAGEN frm the clones and

analyzed by T - RFLP (digested with MspI alone) to detere which clones contaed the
T-RFs of inteest (see Table I).

. Plasmids contang the T-RFs of interested were amplified by peR and sequenced using
the priers T7, TJ, 519R, and 338F for double coverage of the 16s rDNA.

2.2.3 Results

. Only thee of the six T-RFs reprentig potential biomaker were found in the unversal

clone libra (i.e., T-RFs 142.9, 147.3, and 158.9). Sequences reresentig al thee E. coli

T-RFs were found in the E. coli clone libra.

. Afer developing two clone libraes and screeng an additional 88 clones with T -RFLP,

the taget biomakers with T-RFs of80.1, 130.6 an 165 were not found. A total of350
clones were screened

. T -RFLP sequence anlysis and DNA sequencing of each clone was performed by the

MRCF.

2.3 Biomarker Sequence Analysis and PCR Primer Design

2.3.1 Objective

The purose of the biomaker sequence analysis was to compae the potential biomarker DNA sequences
to published L6S rRNA DNA sequences to deterc whcthcr thcsc sequences had previously been
observed, and whether they were identified as a parcular spccics or associated with a parcul host
anL. Additionaly, these sequences wcrc used to design peR prier specific to each biomarker.
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2.3.2 Methods

. The thee unversal and the thee E. coli sequences corresponding to the T-RFs of interst
were compared to the BLAST database (i.e., National Center for Biotechnology
Information) to determe closely related organisms to our potentia biomakers and site
amenale for the design ofPCR primer.

. PCR prmers were designed for the the biomakers frm the unver bacteal libra
and one of the E. coli biomakers, tageting regions of varbility between our sequence
and the daase sequences of the top 20 matches in the BLAST database. PCR prers
wer designed using the Prier Express v2.0 softare (Applied Biosystei).These
pri were anlyzed for thermodync folding problcms and compard to the RDPII

database (Michigan State Univerity) to detere what other organsms they might
amplify. The results of the anysis of the forward and revere PeR prier comparson
agait the RDPll database are presented in the Table 2.

T bl 2 de' fi 'al b' k 'd 'fi d d' T RF PI i lba e . Pruner sum or Dotenti iomar er i en ie unng - L cone i Dra assessment.

Revers Primer
Forward Pner Accession Number of Closest

Potentil Biomarker Clone Accession Numbe or Closst Match Match in Sequence Database
Number/T-RF/Omanism ., In Sequence Database RPDII RPDII

Clone SA19 A Y919955, A Y 426452, AFI9547,

T-RF 158.9
AF513961, AY8628 i 0, ~085954, Prer sequence did not mach any

~182287, ~182297, AM182298, orgasm in the database
Kineococcu AM182299

Clone SB37

T-RF 142.9
Prer sequence did not match any Primer sequence did not match any

organsm in the databae orgaisms in the database
Uncultud organism

Clone LA35

T-RF 147.3
Prer sequence did not match any Prer sequence did not match any

organsm in the database orgams in the database
Brevibactem

AJ010486, DQ221344, AF364845,
AF364844, A Y528223, A Y579209,

AY579211, U80196, U80209,

Clone SA1S AJ004758, AJ027693, AY530796,

Prier sequence did not match any AJ629190, AJ178169, AJ178170,
T-RF 500.8 organsm in the database AY898643, AJ114622, DQ133548,

Pan/oea ananti
DQ 195524, AJ24293 7, AB242945,

AB242946, AB242979

And an aditional 30 sequences
Enterbacter spp.

* orgims were identified based on a BLAST seach

2.3.3 Results

. Ony one E. coli biomarker had a varable region obsered in al 20 matches of the closest

related organisms in the BLAST database. peR prier wer designed for this varable
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region and another region that had a mismath beteen our sequence and the databas
sequece in 10 of the top 20 matching sequences.

. One prier pai was designed that was determed to be specific for T -RF of interest 147.3
frm clone LA-35, a Brevibacterium spp., and would have no matches compaed to th
sequeces in the RDPII dataas.

. One prier pai was designed for a Kineococcus spp. corrsponding to T -RF 158.9, where

the forw prier mached the sequences of 10 othr organsm in the RDPII daasc,

but the reverse prier was specific to ths Kineococcus spp.

. One pricr pai was designed for an organm not matchig any cultud organsms in the

BLAST or RDPII dataases correspondig to T -RF 142.9.

3 TESTING OF THE SENSITIVITY AND SPECIFICITY OF THE
POTENTIAL POULTRY BIOMARKER TARGETS

The methods utilied to test the sensitivity and specificity of the potential poultr littr specific

biomakers are diussed in ths secton. Specifcaly, the metods and results for the testing the PCR
priers in the originl soil and litter samples used for the T-RFLP are presented in Section 3.1, while the

testing of the PCR priers for the biomarkers against closely related organsms in the BLAST database
search are presented in Section 3.2. Testg of the PCR prier for the varous potential biomaker
agat other fecal materal is presented in Section 3.3. Clonig and sequencing of peR amplicons
deved frm fecal samples tht amplified with the Brevibacteria specific primer and comparson to the
biomaker sequence is presented in Section 3.4 Finly, testing of the PCR prier of the confined
poultr litter specific biomaer in envinmenta samples from the potentially poutr litter impacted
watershed are presented in Section 3.5.

3.1 Test PCR Primers Against Original Soil and Litter Samples

3.1.1 Objective

The objecive of this test was to determne if the PCR prers specific for the varous biomarker

amlified DNA from the original contated soil and poultr litter samples used to fid the T -RFs of
interest (i.e., potential biomarker sequences).

3.1.2 Methods

. A nested PCR approach was used to increase sensitivity of the PCR assay by firt
amplifying the DNA with th unveral bacteral priers 8F-907R or E. coli species-
specific priers, purfy the peR products (QIAquick PCR purfication kits, QIAGEN,

and then amlifying the DNA with the biomaker-specific primer.

. PCR products were separted by gel electrphoresis, stained with ethidium bromide, and
visuaized by ultrviolet (U light.

3.1.3 Results

The reults of the nested peR with the potential biomarker-specifc peR priers of DNA from the
origil litter and soil samples ar presented in Table 3.
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. Table 3. Test of the biomarker-specific peR analysis on origin litter and soil relicates.

Clone LA3S Clone S837 Clone SA19 Clone SAlS
Breblcteru", spp. Unknown genns Kinell .pp. E. coli

%of Amplifed 01. of Amplied %or Amplifed ~oof Ampled
T-RF with LA3S T-RF with SB37 T-RF with SA19 T-RF with SAlS

Sample Profie Prmers? Profie Prers? Profie Priers? Profile Primers?

Litter Sample Results

not
FAC-OI-A-I 2.6 yes 2.8 yes prsentb not ru 26.4 yes

FAC-OI-A-2 2.6 yes 4.6 no 0.8 ye 13 no

FAC-OI-A-3 3.4 yes 5.4 yes I no ru. no da' yes

FAC-OI-A-4 3.3 yes 5.9 yes 1. not ru. 23.3 no

FAC-OI-A-5 no data' yes no data' not ron. no data ' not ru. 28.5 yes

FAC-OI-B.I 3.3 yes 3.6 not rue 1. not ru. 33 yes

FAC.OI-B-2 4 yes 5.5 yes 1. no 43.8 yes

FAC.OI-B-3 3.5 yes 6.8 yes 1. yes 16.5 yes

FAC-OI-B-4 3.2 yes 5.7 not ru. 1.2 not ru. 29.1 no

FAC.OI-B-5 4.5 yes 8 not ru. 1. not ru. 48.5 no

Soil Sample Results

LAL3-A-2-1 7.1 yes 0.8 yes 2.3 not rone 6.1 yes

not
LAD-A-2-2 12.7 no prsentb yes 3.4 not roe 14.3 no

LA3-A-2-3 9 yes I yes 3.6 not ron. 25.3 yes

LA-A-2-4 6.9 yes 0.8 yes 3.2 yes 10.4 yes

LAD-A-2-5 9.5 no 0.9 yes 3.6 not roe 2.5 yes

LAL3-B-2-1 6 yes 0.8 yes 3 yes 18.1 yes

LAL3-B-2-2 no data' yes no data" yes no data' yes 6.8 yes

not not
LAD-B-2-3 prsetb presetb 3

no
9.1yes yes yes

LA-B-2-4 6.3 yes 0.8 yes 3.5 no 2.6 yes

LA-B-2-5 no data' yes no data" yes no data' yes 7.1 yes
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Clone LAS Oone S837 Clone SA19 Clone SA15
Bi-cterium ipp. Unkown genDI Kinf!ocfl ipp. E. co

'Yor Amplifiec %or Amplied %or Amplifiec %or Amplied
T-RF with LA35 T-RF with SB37 T-RF with SA19 T-RF with SA15

SamDle Prome Prmers? Prome Prers? Prome Primers? Prome Primers?

a No diii indicate tht the T-RFLP ànlysis was not completed on this saple.

b Not prf!l1f!nt indicates that the organism reresente by that T -RF wa not found in th onginal anysis (se Section 2. i).
c Not r.n indicate tht this s8.Dle was not ru with PeR

3.2 Test PCR Primer Set LA35 Against a Closely Related Bacterium

3.2.1 Objectve

The objective of this test was to determine if the peR prers for the Brevibacterium LA35 potential
poultr litt biomaker amplified the same product in Brevibacterium sp. CHNP32 (D337537), the
fourt closest related organsm found in the BLAST seah.

3.2.2 Methods

. L6S rDNA ofthc closely related organsm identified in the BLAST searh was obtained
fr Dr. ehee-Sanord from the Univerity of Illois at Urban-ehampaign.

. The Brevibacterium sp. eHNDP32 was peR amplified using the LA35 prier, and peR

products were separated by gel electrophoresis, stained with ethdium bromide, and
visulized by UV light.

3.2.3 Results

The Brevibacterium biomarer priers did not amlify the Brevibacterium sp. eHNDP32.

3.3 Test PCR Primers Against Other Fecal Samples from Within
and Outside the Watershed

3.3.1 Objective

The purse of th tet wa to detere the specificity of the four potential poultr biomarer tagets
(LA5, SB37, SA19 and SAI5) agait other sources offecal contamination frm with and outside the
potentily poultr imacted waterhed

3.3.2 Methods

. Fecal samples were collected in duplicate from beef and dair catte, swie, geese, ducks,

and hum from inide and outside the potentially poultr impacted waterhed. Field
blan controls were included with each tye of fecal sample. The fecal samples were
preserved in glycerol and shipped on ice to the laboratory.

. Genomic DNA was extracted from al fecal samles using the Bio 101 FastDNA SPIN Kit
for Soil, DNA extrction kit (Qbiogene, Inc).

Poultr LiNer Biomorlcr

NWI-3517
7 North Wind. Inc.

October 2007

STOK. 029770
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. Samples were tested for peR amplification with the four potential biomarkers, and

products wer separted by gel electrophoresis, stained with ethidium bromide, and
visuized by UV light. Samples were ru with a nested PCR aproach.

3.3.3 Result

The results of the peR amplification of the fecal samples with the four potetial poultr litter biomakers
are presented in Table 4.

Poultry Litter Biomake
NWI-3517

8 North Wind, Inc.
October 2007

STOK. 029771
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3.4 Sequencing of the Duck and Goose Amplicon Derived from the
LA35 Primer Set

3.4.1 Objective

The purose of the clonig and sequencing of the duck and goose amplicon derived from the LA35
primer set was to detere if these DNA sequences contained varable regions that could be targeted for
a more specific set of PCR prier.

3.4.2 Method

. Sever clone libraes were conscted fr the duck sample MA-DK-l-b and thc

goo samle MA-GS-l-a by peR amplifying DNA frm these fecal samples with the
LA5 prier set, with primer 8F-907R and with 8F-1492R, and clonig with the
TOPO- T A clonig kit (Ivitrogen). Th plamids were excised frm these clones

(QIAprep Spin Minprep Kit, QIAGEN).

. Extrted plamids were DNA sequenced using the peR priers T7, TJ, 8F, 907R, or
l492R (as appropriate) by the MReF. Sequences were compared to the poultr litter
Brevibacteria biomaer using BioEdit V.7.0.5.3 to look for varable regions between the
DNA sequences.

3.4.3 Results

The regions ofthe16S rRNA gene of the duck and goose DNA tageted by the poultr littr specific
Brevibactera biomaker PCR prier are identical to our biomaker Brevibacteria sequence.

Afer screenig 20 clones from each of the two clone libraes developed (a tota of 40 clones) frm the
duck and the goose fecal samples, only one organsm was identified as a Brevibacteria using the BLAST
dataase. This sequence was identical to the Brevibacteria biomarker sequence obtaed from the original
soil and littr samples within the 1,200 DNA base pair sequenced.

3.5 Test for the Poultry Litter Specific Biomarker in Environmental

Samples from Within the Impacted Watershed

3.5.1 Objective

The purose of this test was to detene if the Brevibacteria biomarer that is specific to poultr litter
could be detected in envinmenta media (poultr litter, soil and water samples) from within a potentially
poultr litter impacted waterhed.

3.5.2 Methods

. Envionmenta samples were collected from withn the potentilly impacted watersed an
included chicken and tukey litter samples, soil samples from which the littr had been
applied, edge of field ruoff water samples frm the fields to which the litter had been
applied, river water to which the ruoff samples dred, and lakes downgrdient from the
previously collected river samples. Additionay, groundwater samples with the
potentially imacted wateshed were collected and anlyzed

Poultr Litter Biomarker
NW-3517-001

ii North Wind lnc.
October 2007

STOK. 029774
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. Water samples were collected in duplicate l-L sterile nalgene bottes and shippd on ice to
the laboratory, where they were imediately fitered. The filter contanig the

microrgan were frozen at -80"e until DNA extrtion.

. Geomic DNA was extrcted frm the fiter an soil and litter samples using the Bio 101
FastDNA SPIN Kit for Soil, DNA extrtion kit (Qbiogene, Inc).

. Samples were tested for PCR amlification with the LA35 PCR priers, and product

were sepated by gel electrophoreis, sted with ethidium bromide, and visuazed by

UV light. Samles wer ru with a nested PCR approach

3.5.3 Result

The results of the PCR amplification of the environmental saples for the poultr littr biomaker are

presented in Table 5.

Table 5. Results of the peR amolification of the envionmenta samoles for the ooultr litter biomaker.

Sample Tvoe of Sample Amplied witb LA35 peR Primers?
FACI-6-20-06 Litt Yes

FAC2-6-21-06 Litter Yes

FAC-03-7-6-0 Littr Yes

FAC--7-12-0 Litter Yes

FAC-5-7-13-0 Litter Yes

FAC-6-7-20-6 Litter No'

FAe-7-8-3-06 Litter Yes

F Ae-8-8-15-06 Litter Yes

F Ae-9-8- 31-06 Littr Yes

LAL-A-2-6-13-06 Soil No

LAL-C-2-6-12-06 Soil Yes

L/l 7-A-2-6-2~06 Soil Yes

LJl 7-El-2-6-20-06 Soil Yes, faitb

LAL7 -C-2-6-19-06 Soil Yes, faintb

LALIO-El-2-6-26-06 Soil No

LALIO-A-2-6-26-06 Soil No

LALIO-A-4-6-26-06 Soil No

LAL-A-2-6- i 9-06 Soil Yes

LAù8-lB-2-6-21-06 Soil No

LAL9-D-2-6-22-06 Soil No

LAù9-~2-6-22-06 Soil Yes

LAL9-A-2-6-22-06 Soil Yes

LAL 7-D-2-6-29-06 Soil Yes

Poultr Litter Biomarker
NWl-3517-00l

12 North Wind Inc.
October 2007

STOK. 029775
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Table 5. (contiued).
Amplied with Poultry Litter Specifc

SamDle Type of Sample Breibiicteriii peR Primen?
LAL8-D-2-6-20-06 Soil Yes

LALii-e-2-6-28-0 Soil No

LALII-D-2-6-28-06 Soil No

LALll-A-2-6-29-06 Soil Yes

LALII-D-2-Q-6-28-06 Soil Yes

LALI2-A-2-7-6-06 Soil No

LALI2-A-2-Q-7 -6-06 Soil Yes

LALI2-C-2-7-7-06 Soil No

LAL12-D-2-7-7-06 Soil No

LAL l3-A-2-7-6-06 Soil Yes

LAL l3-C-2-7-7-06 Soil No

LAL 13-e-2-Q-7-7-0 Soil Yes

LAL 13-D-2-7-6-06 Soil No

EOF-I-6-17-06 Water No

EOF-Q2-6-17-06 Water No

EOF-QI-6-17-06 Water Yes

EOF-SPREAD073B-6-18-06 Water Yes

EOF-SPREAD023-6-18-06 Water Yes

EOF-SPREAD-6-18-06 Water No

E()F-SPRE068-6-18-06 Water Yes

a: This sample containe a high peentage of soils and ver litte "litter."
b: Faint indicate that a weak band was visible on the gel.

A sumar of the presence or absence of the Brevbacteria biomaker in all samples analyzed to date is
included in Table 6.

Poultr Litter Biomarker
NWI-3517-00l

13 North Wind, Inc.
October 2007

STOK. 029776
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Tablc 6. Sumar of Brevibactera specific peR results in DNA extrted from fecal and environmenta
iS8les.

Type Number Number % Contaiing
of Sample Analvzd Positive LA3S sequence Note

Original soil an litter
20 18 90.0

samples

LA35 sequences were present in
Fecal Samples 57 2 3.5 one duck and one goose samle

frm outside the watersed

One of the litt samles (FAC-
06) was taen from a poultr

Addtional litter samples 9 8 88.9 house without a concrete floor
and liely contaed a high

percentage of soil.

Addtional soil samples 27 14 51.9

Edge of field water 7 4 57.1
samples

4 OPTIMIZATION AND VALIDATION OF A QUANTITIVE ASSAY
FOR THE POULTRY LITTER SPECIFIC BREVIBACTERIA
BIOMARKER

4.1 Develop a Quantitative peR Assay for the Brevibacterium LA35
Biomarker

4.1.1 Objective

The purse of this work was to develop a qPCR assay for quantification of the LA35 biomaker in
varous envionmental and fecal saples.

4.1.2 Method

. LA35 PCR primers developed in Section 2 and validated for speificity to poultr litter in
Section 3 were applied as qPCR primer using SYBR Gren chemitr (dye) on a
ehrom04 qPeR system (Bio-Rad).

. Plasmids contag the LA35 DNA sequence were used to create a stada cure, to
detee a method detecton limt (ML) for positive control plamids, and to detere
th effciency of the reaction. All stadad cures wer ru in trplicate to verfy the
reroducibility of assay.

. Detion limts of the assay in cnvironmenta samples were deteed by spikg soil

and water samples with LA5 contaed on plasmids. eontrols were ru to detere the

averge numbe of plasmds preset in the E. coli cell usd as plamid carers.
Additionally, naopur water and a composite water sample from the watehed were
spiked with the E. coli contang the biomarer sequence and were filtered accordig to

Poultr LiUer Biomarker

NW-3517-001
14 North Wind, lnc.

October 2007

STOK. 029777
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the stdad fiterig method. elonig was performed usin the Topo T A clonig kit

(Invitren). Geomic DNA was extred from the spiked samples using the Bio 101
FastDNA SPIN Kit for SoiL, DNA extrction kit (Qbiogenc, Inc). A grphic depictg the
MDL protocol is presented in Figu I.

n n 2-0.4 ml cultures

U ! u - ovem~1l

~ Combine & vortx
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Figue 1. Outline ofMDL protocol.
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Poultr Litter Biomarker
NWI-3517-00I

North Wind, Inc.
October 2007

15

STOK. 029778
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4.1.3 Results

The SYBR green qPeR stadad cure is presented in Figue 2. Additionay, the plasmid MDL and
reaction effciency ar presented in the figuc. Efciency of the qPCR recton wa determed by

eqution 1.

Effciency = -I + 10 1\ (l-l/slope) (I)

'3
Ie
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4
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2

1

o

o 10 30 4020
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Figue 2. SYBR green qPeR stad cure of the poultr littr specific prier agait plasmid DNA
containg the Brevibacteria biomarker DNA. Error bar indicate the stada deviation of cycle
thesholds of trplicate samples.

The results of the mium detecion limit test in spiked envionmenta samples ar presented in Table 7.

Table 7. Detection limt of the oPCR assa for a poultr litter specific Brevbacteria in soils and water.

Samole Tvoc Minimum Detecton Limit Units

Plamid DNA (stadad) 6 copies/¡i DNA extrction

Nanopure Water 18 cells/

eomposite Water Sample 78 cells

LALIID-2Q-6-28-06 (soil) with
sephaos cleanup 73 cells/g

4.2 Test qPCR Specificity to Distinguish Among Brevibacteria spp.

4.2.1 Objective

The purse of th test was to determne if the qPCR asy is specific enough to distinguish beteen the
poultr littr biomaer and the closely related (but not identical) Brevibacterium case; 168 rRNA gene.

Poultry Litter Biomarlær
NW-3517-00l

North Wind, Inc.
October 2007

16
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4.2.2 Methods

A Brevibacterium casei cultue wa ordered from Amercan Type eultue Collecton (ATeC) an the
DNA was extrcted with the stadad prtocol. Thc cxtracte DNA was then tested for amplification with
our qPCR protocol.

4.2.3 Results

Ou qPCR priei amplified the Brevbactera casei 16S rRNA gene. As shown in Figue 3, we ar able
to distinguish B. casei from the LA35 sequenceby the SYBR green melt cures.

CD
c...
ii
c.
li..
o
=

LL

80

IT emperat..e I

Figue 3. SYBR gren melting cure profùe of the LA5 L6S rRNA sequece (blue) an that of
Brevibacterum casei (ATeC 35513) (red and gren).

70 75 8S

4.3 Test for the Poultry Litter Specific Biomarker in Environmental

Samples from Within the Impacted Watershed by the qPCR
Assay

4.3.1 Objective

The purse of ths test was to determe if the qPCR assay could detet thc poultr litter specific
biomaker in envionmental saples from withi the potentially impacted watersed

4.3.2 Method

. Geomic DNA was extrcted from varous environmenta media (poultr litter, soil and
water samples) per the previously descrbed method. Samples wer selected that contained
varing levels of fecal indicator bacteria, which was used to gauge the expected biomarker
concentrtion (Table 8)

. DNA was subjected to a diagnostic PCR to verfy that the samples did not contain
contaants that might inhbit qPCR and to determe the approprite sample volume to

use for the qPeR asay.

. DNA was then analyzed by the qPeR assay for the poultr litt specifc biomaer. Any
saple not amplifying in the qPCR assay was teste by a nested qPCR assay, wher

Poultr Litter Biomarker
NW-35 17-001

17 North Wind. Inc.
October 2007

STOK. 029780
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unveral bacterial priers were fit used to amlify the 16S rRNA gene, and then these

PCR products wer analyzed by the qPeR assay.

4.3.3 Results

The results of the qPCR and nested qPeR assay are presented in Table 8.

Poultry LiNer Biomarke
NW-3517-00J

l8 North Wind. Inc.
October 2007
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4.4 Determine the Effect of Dilution on Quantification of the LA35
Biomarker in Soil and Water Samples by the qPCR Assay

4.4.1 Objective

This test was conducted to determine a concentrtion for poultr littr in an environmenta saple below
which the biomaer is likely not to be detected in environmenta samples (i.e., simulate ruoff conditions
in the lab and test for the presence of biomaker at increasingl dilute samples).

4.4.2 Methods

Litt samples FAe2 and FAes (see Table 5) were each caed though the entie proceur. Note tht

FAC2 was one of the origil litter samples used to fid LA35. Litt samle FACS is a nikey litter
sale. Both FAC2 and FAes previously tested positive for the poultr litter specific biomaker by the
qPCR assay. An outlie of the protocol is presented in Figu 4.,. +

I Sample FAC2-S2:

0.25 g liter ant 50 mls war

vortex

l

I
Sae FAC2-S3:

25 mls of FAC2-S2 and 25 mi water

l
vortex

l

n"i"

Sample FAC2-S1:
0.25 g Ittr

Repeat for FAC2-S3 to FAC2-S10

.. -- --
Vortx

l
Decnt war to a tol of 25 ml in each diluted sample

l
Centrifuge to pellet eels and litrl .

Resuspe cell/lttr pellet and perfrm DNA exracton per SOP

Figue 4. Ouine of "dilution lit" protocol usin litter sample FAC2 as the exaple.

Poultr Litter Biomarker
NW-3517-001
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4.4.3 Results

LA35 was amplifiable in samples down to 0.1 mg of litter per L. The concentration ofLA35 in the litt
samples themelves was greater th 2*108 copieslg of littr. There was a very strong corrlation between
litter concentrtion (g ofIitter per L) and the concentrtion ofLA35 (copies ofLA35 per gr of
litter, as indicate by the R2 values of 0.97 and 0.99 shown in Figue 5. These R2 values indicate tht the
DNA extrction is effcient and Brevibacteria quantification method is relatively prcise. Table 9 shows
the results if the analysis.

2.0E+08

1.8E+08

1.6E+08

CD 1.E+08
ã"
'i:

1.2E+08.!u
m.i 1.0E+08.~

l!
ai 8.0E+07
:0i:0 6.0E+07u

4.0E+07

2.0E+07

O.OE+OO

0

.

2 3

g Iitter/L

4 5

Figue 5. Copies of Brevibacteria poultr littr biomarker per gr of soil ver gr of soil per litter

in the extractions.

Table 9. Results of the PCR, QPCR, and nested qPCR for Brevibacteria in litter.

"Litter" peR B,.evibacteriø 16S rRNA
SamDle ConccDtrationJ\ BaderiaN ~ested oPCR* (copylL water or 2litterl

FAC2-Sl NA + NA 2.32E+08 :I 8.88E+0

F AC2-S2 5,00 mgI + NA 6.14E+07 :i 3.37E+06

F Ae2-S3 2,500 mg/ + NA 3.42E+07 :I 1.6lE+06

F Ae2-S4 500 mgI + NA 6.86E+06 :i 8.27E+05

F Ae2-S5 50 mgI - NA 3.54E+0 :I 4.84E+03

F Ae2-S6 lO mgI - NA 1.90E+0 :I 4.79E+03

F AC2-S7 5 mgI - NA 1.0 1 E+0 :I 9.35E+03

F AC2-S8 1 mg/ - NA Prsent, not quatifiable

Poultr Litter Biomarker
NWI-3517-001

22 North Wind Inc.
October 2007
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Table 9. (contiued).

"Litter" PCR Brevibactera 168 rRNA
SamDle Concentration A Bacteria" ~ ested qPCR* (copylL water or! littr)

F AC2-S9 0.1 mgI - + Present, not quantifiable

FAe2-SIO 0.01 mgI - - Not detected

FACS-Sl NA + NA 2.56E +OS :L 2.49E+07

F ACS-S2 5,000 mgI + NA 1.67E+08 :I 5.88E+06

F ACS-S3 2,500 mgI + NA 1.4E+08 :l 1.6E+05

F AC8-S4 500 mgI + NA 9.05E+06 :l 8.69E+05

FAeS-S5 50 mgI - NA 7.48E+03 :L 2.53E +03

F AC8-S6 10 mgI - NA 7. 59E+0 :l 2.97E+0

F AeS-S7 5 mgI - NA 3.20E+0 :L 2.23E+0

F AC8-S8 1 mgI - + Present, not quantifiable

F AC8-S9 O. i mgI - - Not detected

FAC8-S10 0.01 mg/ - - Not detected

"NA indicates th ths was the orgina 0.25 g 1Rdiluted litt sample frm which the dilutions wer made.

# "+" indite tht PC product wer obsered after gel elechoreis, inicatng tht amplifable prouc wer obtained

frm the sample. "-" indicas that peR products were not obseed by gel electrophoresis and UV visualization. Note tht
the deection limits of th gel elecphoresis metod ar much higher th the qPC method detecton limts.

.. "+'. indicates th the Brevibm:teria were detected with the neted qPCR protocol. "NA" indicates that the saples were
not tested with the nested qPCR protocol.
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